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(57) ABSTRACT

A system includes an exhaust aftertreatment system config-
ured to treat emissions from a combustion engine. The
exhaust aftertreatment system includes a first catalyst assem-
bly having an outlet. The exhaust aftertreatment system also
includes an ammoma slip catalyst (ASC) assembly config-
ured to recerve a fluid from the first catalyst assembly and to
convert ammonia (NH3) within the fluid into nitrogen (N2),
wherein the ASC assembly has an inlet. The exhaust after-
treatment system further includes a silencer disposed
between the outlet of the first catalyst assembly and the 1nlet
of the ASC assembly, wherein the silencer 1s configured to
receive the fluid and an oxidant for mixing with the fluid
provide suilicient oxygen 1n the fluid flowing 1nto the inlet of
the ASC assembly to enable the catalytic activity in the ASC
assembly that coverts NH3 into N2, and the silencer 1s con-
figured to mix the fluid and the oxidant.

20 Claims, 3 Drawing Sheets
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SILENCER FOR MID-BED AIR INJECTION
MIXING

BACKGROUND

The subject matter disclosed herein relates to an exhaust
altertreatment system for an internal combustion engine, and
more specifically, to utilizing a silencer with the aftertreat-
ment system.

Engines (e.g., internal combustion engines such as recip-
rocating engines or gas turbines) combust a mixture of fuel
and air to generate combustions gases that apply a driving
force to a component of the engine (e.g., to move a piston or
drive a turbine). Subsequently, the combustion gases exit the
engine as an exhaust, which may be subject to aftertreatment
systems that include one or more catalytic converters (e.g.,
three-way catalyst (T WC) assembly, ammonia slippage cata-
lyst (ASC) assembly, etc.) to reduce the emissions of nitrogen
oxides (NO,), hydrocarbons (HC), and carbon monoxide
(CO). However, the footprint (1.., size and shape) of the
altertreatment system may be incompatible with certain
engine sites.

BRIEF DESCRIPTION

Certain embodiments commensurate 1n scope with the
originally claimed invention are summarized below. These
embodiments are not intended to limit the scope of the
claimed invention, but rather these embodiments are intended
only to provide a brief summary of possible forms of the
invention. Indeed, the invention may encompass a variety of
forms that may be similar to or different from the embodi-
ments set forth below.

In accordance with a first embodiment, a system includes
an exhaust aftertreatment system configured to treat emis-
sions from a combustion engine. The exhaust aftertreatment
system includes a first catalyst assembly having an outlet. The
exhaust aftertreatment system also includes an ammonaia slip
catalyst (ASC) assembly configured to recerve a fluid from
the first catalyst assembly and to convert ammonma (NH,)
within the fluid into nitrogen (N, ), wherein the ASC assembly
has an inlet. The exhaust aftertreatment system further
includes a fluid conduit disposed between the first catalyst
assembly and the ASC assembly and configured to transier
the fluid from the first catalyst assembly to the ASC assembly.
The exhaust aftertreatment system yet further includes an
oxidant 1njection system configured to provide an oxidant for
mixing with the fluid to provide suificient oxygen 1n the fluid
flowing into the inlet of the ASC assembly to enable the
catalytic activity in the ASC assembly that converts NH; into
N,. The exhaust aftertreatment system still further includes a
silencer disposed along the fluid conduit between the outlet of
the first catalyst assembly and the inlet of the ASC assembly,
wherein the silencer 1s configured to recetve and to mix both
the fluid and the oxidant.

In accordance with a second embodiment, a system
includes an exhaust aftertreatment system configured to treat
emissions from a combustion engine. The exhaust aftertreat-
ment system 1ncludes a first catalyst assembly having an
outlet. The exhaust aftertreatment system also includes an
ammomnia slip catalyst (ASC) assembly configured to receive
a tluid from the first catalyst assembly and to convert ammo-
nia (NH,) within the fluid into nitrogen (N, ), wherein the
ASC assembly has an inlet. The exhaust aftertreatment sys-
tem further includes a silencer disposed between the outlet of
the first catalyst assembly and the inlet of the ASC assembly,
wherein the silencer 1s configured to receive the fluid and an
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oxidant for mixing with the flud to provide sutficient oxygen
in the flud flowing into the inlet of the ASC assembly to
enable the catalytic activity in the ASC assembly that coverts
NH; 1nto N, and the silencer 1s configured to mix the fluid
and the oxidant.

In accordance with a third embodiment, a system includes
a method for promoting catalytic activity within an ammonia
slip catalyst (ASC) assembly 1 an exhaust aftertreatment
system to treat emissions from a combustion engine. The
method includes flowing fluid from an outlet of a first catalyst
assembly to an inlet of the ASC assembly, injecting an oxi-
dant 1nto the fluid to provide suilicient oxygen in the fluid
flowing into the inlet of the ASC assembly, and mixing the
fluid and oxidant within a silencer disposed between the first
catalyst assembly and the ASC assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
present invention will become better understood when the
following detailed description 1s read with reference to the
accompanying drawings in which like characters represent
like parts throughout the drawings, wherein:

FIG. 1 1s a schematic diagram of an embodiment of an
altertreatment (e.g., exhaust treatment) system coupled to an
engine having a silencer (e.g., with oxidant 1njection
upstream of the silencer); and

FIG. 2 1s a schematic diagram of an embodiment of an
altertreatment (e.g., exhaust treatment) system coupled to an
engine having a silencer (e.g., with oxidant injection at the
silencer);

FIG. 3 1s a schematic diagram of a fluid conduit (e.g., a
single conduit) coupled to a silencer;

FIG. 4 1s a schematic diagram of a fluid conduit (e.g., two
conduits) coupled to a silencer; and

FIG. 5 1s a schematic diagram of a tluid conduit coupled to
a silencer.

DETAILED DESCRIPTION

One or more specific embodiments of the present invention
will be described below. In an effort to provide a concise
description of these embodiments, all features of an actual
implementation may not be described 1n the specification. It
should be appreciated that in the development of any such
actual implementation, as 1n any engineering or design
project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as com-
pliance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, 1t should be appreciated that such a development effort
might be complex and time consuming, but would neverthe-
less be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

When introducing elements of various embodiments of the
present invention, the articles “a,” “an,” “the,” and “said” are
intended to mean that there are one or more of the elements.
The terms “comprising,” “including,” and “having” are
intended to be inclusive and mean that there may be addi-
tional elements other than the listed elements.

The present disclosure 1s directed to systems and methods
for mixing an oxidant (e.g., air, O,, oxygen-enriched air, or
oxygen-reduced air) and a fluid (e.g., engine exhaust or
treated engine exhaust) with a silencer (e.g., muitler). In
particular, embodiments of the present disclosures include an

altertreatment system configured to couple to a combustion
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engine (e.g., reciprocating internal combustion engine or gas
turbine engine) and to treat emissions (e.g., in the engine
exhaust) from the internal combustion engine (e.g., NO,, HC,
CO, etc.). The disclosed embodiments may include a silencer
disposed between a first catalyst assembly (e.g., three-way
catalyst (T WC) assembly) and an ASC assembly that receives
a fluid (e.g., treated exhaust flow) from the first catalyst
assembly and converts NH; into molecular nitrogen (N, ) and
converts CO 1nto carbon dioxide (CO,) and water. A tluid
conduit 1s disposed between the first catalyst assembly and
the ASC assembly and transiers (e.g., enables tlow) of the
fluid from the first catalyst assembly to the ASC assembly. A
silencer (e.g., muiller) 1s disposed along or coupled to the
fluid conduit between the first catalyst assembly and the ASC
assembly. In certain embodiments, an oxidant injection sys-
tem (e.g., mid-bed oxidant injection system) 1s coupled to the
fluid conduit and 1njects an oxidant (e.g., air, O,, oxygen-
enriched air, or oxygen-reduced air) mto the fluid conduit to
regulate a temperature of the fluid flowing 1nto an 1nlet of the
ASC assembly to regulate catalytic activity 1n the ASC
assembly that converts NH, into N,. In other embodiments,
the oxidant 1njection system 1s coupled to the silencer and
injects an oxidant into the silencer. Turbulence within the
silencer enables mixing of the oxidant and the fluid within the
silencer prior to the fluid mixed with the oxidant flowing 1nto
the 1nlet of the ASC assembly. In certain embodiments, the
silencer may solely mix the oxidant and the fluid. In other
embodiments, the silencer may be responsible for a substan-
tial portion (e.g., approximately 80 to 100 percent) of the
mixing of the oxidant and the fluid. Disposition o the silencer
between the first catalyst assembly and the ASC assembly
(besides promoting mixing the oxidant and the fluid to
enhance downstream catalytic reactions) reduces the foot-
print of the aftertreatment system (e.g., reduces the space
occupied) and the number of components 1n the aftertreat-
ment system (e.g., obviates need for separate mixing section
if silencer was downstream of the ASC assembly). By reduc-
ing the footprint of the aftertreatment system, the engine and
the aftertreatment system may be compatible for uses with a
greater number of engine sites.

Turning now to the drawings and referring to FIG. 1, a
schematic diagram of an aftertreatment system 10 coupled to
an engine 12 1s illustrated. As described 1n detail below, the
disclosed aftertreatment system 10 includes a silencer 13
disposed upstream of an ASC assembly 24. The engine 12
may include an internal combustion engine such as a recip-
rocating engine (e.g., multi-stroke engine such as two-stroke
engine, four-stroke engine, six-stroke engine, etc.) or a gas
turbine engine. The engine 12 may operate on a variety fuels
(e.g., natural gas, diesel, syngas, gasoline, etc.). The engine
12 may operate as a lean-burn engine or a rich-burn engine.
The engine 12 may be coupled to an engine control unit (e.g.,
controller) 14 that controls and monitors the operations of the
engine 12. The engine control unit 14 includes processing
circuitry (e.g., processor 16) and memory circuitry (e.g.,
memory 18). The processor 16 may execute instructions to
carry out the operation of the engine 12. These instructions
may be encoded in programs or code stored in a tangible
non-transitory computer-readable medium (e.g., an optical
disc, solid state device, chip, firmware) such as the memory
18.

During operation, the engine 12 generates combustion
gases 20 used to apply a driving force to a component of the
engine 12 (e.g., one or more pistons or turbines). The com-
bustion gases 20 subsequently exit the engine 12 as an exhaust
20, which includes a variety of emissions (e.g., NO,, HC, CO,
etc.). The aftertreatment system 10 treats these emissions to
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generate milder emissions (carbon dioxide (CO., ), water, etc).
As depicted, the aftertreatment system 10 includes catalytic
converters such as the TWC assembly 22 (e.g., first catalyst
assembly) and the ASC assembly 24. In embodiments that
include the TWC assembly 22 and the ASC assembly 24, the
engine 12 may be operated as a rich-burn engine to maximize
the catalytic activity 1 both the TWC assembly 22 and the
ASC assembly 24. The TWC assembly 22, via 1ts catalytic
activity, reduces NO, via multiple reactions. For example,
NO, may be reduced via CO to generate N, and CO,, NO,-
may be reduced via H, to generate NH, and water, and NO,.
may be reduced via a hydrocarbon (e.g., C;H,) to generate
N,, CO,, and water. The TWC 22 assembly also oxidizes CO
to CO,, and oxidizes unburnt HC to CO, and water. A by-
product of the reduction of NO,-1n the TWC assembly can be
the emission of NH,. In certain embodiments, instead of the
TWC assembly 22, any catalytic converter that reduces NO,.
may be utilized. The ASC assembly 24, via its catalytic activ-
ity, reduces the NH, to N,,. In certain embodiments, the ASC
assembly 24 also oxidizes CO to CO,. In certain embodi-
ments, instead of a TWC assembly 22, a SCR assembly may
be utilized upstream of the silencer 13.

As depicted, the silencer 13 (e.g., muliller) 1s depicted
between the TWC assembly 22 and the ASC assembly 24.
The silencer 13 may be any type of silencer or muitler (e.g.,
vector multler, spiral baftle muiller, etc.). Besides reducing
the noise from exhaust, the silencer 13 1s configured to receive
a fluid (e.g., treated exhaust) from the TWC assembly 22 (or
another catalytic converter) and an 1njected oxidant (e.g., air,
O,, oxygen-enriched air, or oxygen-reduced air) and to utilize
the turbulence within the silencer 13 to mix the treated
exhaust and the 1njected oxidant to enhance the downstream
catalytic reactions (e.g., 1n the ASC assembly 24). Disposing
the silencer 13 between the TWC assembly 22 and the ASC
assembly 24 reduces the footprint of the aftertreatment sys-
tem 10 (e.g., reduces the space occupied) and the number of
components 1n the aftertreatment system 10 (e.g., obviates
need for separate mixing section 1f silencer was downstream
of the ASC assembly 24). By reducing the footprint of the
altertreatment system 10, the engine 12 and the aftertreatment
system 10 may be compatible for uses with a greater number
of engine sites. In certain embodiments, the silencer 13 may
be utilized for an entirety of the mixing of the treated exhaust
received from the TWC assembly 22 and the injected oxidant.
In other embodiments, the silencer 13 may be responsible for
a substantial portion (e.g., approximately 80 to 100 percent)
of the mixing of the treated exhaust received from the TWC
assembly 22 and the injected oxidant. For example, the
silencer 13 may be responsible for mixing approximately 80,
85, 90, 95, or 100 percent of the treated exhaust and the
injected oxidant. In certain embodiments, a portion of the
treated exhaust and the injected oxidant may be mixed
upstream of the silencer 13 due to the injection of the oxidant
into the tflow of the treated exhaust. No additional device 1s
utilized to mix (e.g., actively mix) the treated exhaust
received from the TWC assembly 22 and the injected oxidant
upstream of the silencer 13.

The TWC assembly 22 includes an inlet 26 to receive the
exhaust 20 from the engine 12 and an outlet 28 to discharge a
fluud 30 (e.g., treated engine exhaust). The silencer 13
includes an inlet 32 to receive the fluid 30 (e.g., treated engine
exhaust) from the TWC assembly 22 and injected oxidant
(e.g., air, O,, oxygen-enriched air, or oxygen-reduced air) and
an outlet 34 to discharge the mixed fluid 36 (1.e., mixture of
treated tluid 30 from TWC assembly 22 and the mjected
oxidant). In certain embodiments, the silencer 13 may include
more than one ilet 32 (e.g., separate inlets for the fluid 30 and
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the injected oxidant). The ASC assembly 24 includes an inlet
38 to receive the fluid 36 (e.g., including the mixture of
treated engine exhaust and/or injected oxidant (e.g., air, O,,
oxygen-enriched air, or oxygen-reduced air)) and an outlet 40
to discharge an additionally treated fluid 42. A fluid condut
44 1s disposed between the TWC assembly 22 and the ASC
assembly 24. A first portion 46 of the fluid condwt 44 is
disposed between and coupled to the TWC assembly 22 and
the silencer 13 to enable fluid communication between them.
A second portion 48 of the fluid conduit 44 1s disposed
between and coupled to the silencer 13 and the ASC assembly
24 to enable fluid communication between them. The fluid
conduit 44 enables the tlow or transfer of the fluid 30, 36 {from
the TWC assembly 22 to the ASC assembly 24. In certain
embodiments, the TWC assembly 22, the silencer 13, and the
ASC assembly 24 may be integrated within a single housing
(e.g., with or without the fluid conduit 44). In embodiments,
without the fluid conduit 44, oxidant may be 1njected directly
into the silencer 13.

As depicted, an oxidant injection system 50 (e.g., mid-bed
air 1njection system) 1s coupled to the fluid conduit 44. As
depicted, the oxidant injection system 50 mjects oxidant (e.g.,
atr, O,, oxygen-enriched air, or oxygen-reduced air) into the
fluid 30 within the fluid conduit 44 (e.g., within portion 46) at
a point or location 51 downstream of the outlet 28 of the TWC
assembly 22 and upstream of the inlet 38 of the ASC assembly
24. In certain embodiments, the oxidant may be directly
injected into the fluid 30 within the fluid condwt 44, which
may result in some mixing (e.g., between O and less than 20
percent) of the fluid 30 and the oxidant. In other embodi-
ments, the fluid conduit 44 may include separate conduits for
both the fluid 30 and the oxidant that are coupled to the
silencer 13. In certain embodiments, oxidant injection via the
oxidant 1njection system 30 may be actively driven via a
pump or injector. In other embodiments, the oxidant injection
system 50 may occur via passive entrainment. In certain
embodiments, instead of the oxidant injection system 50,
oxidant may be provided from an air separation unit and/or
via compressor bleed air from a turbine compressor.

In certain embodiments, an oxidant injection control unit
52 (e.g., processor-based controller) controls an amount of
oxidant (e.g., O,) injected by the oxidant injection system 50
to provide suilicient oxygen in the fluid 30, 36 prior to flowing
into the 1nlet 38 of the ASC assembly 24 to enable the cata-
lytic activity of the ASC assembly 24. The oxidant 1injection
control unit 52 includes processing circuitry (e.g., processor
54) and memory circuitry (e.g., memory 56). The processor
54 may execute instructions to monitor system parameters
(temperature, emissions levels (e.g., NO,), etc.) and control
the amount of oxidant within the fluid 30, 36 prior to entering,
the 1nlet 38 of the ASC assembly 24. These instructions may
be encoded in programs or code stored 1n a tangible non-
transitory computer-readable medium (e.g., an optical disc,
solid state device, chip, firmware) such as the memory 56. In
certain embodiments, oxidant injection may occur in a pas-
stve manner without active control (e.g., via control unit 52).
In certain embodiments, the aftertreatment system 10 may
include a plurality of transducers or sensors 38 disposed
throughout the system 10 (e.g., downstream of the engine 12,
upstream and/or downstream of the TWC assembly 22,
upstream or downstream of the silencer 13, and/or upstream
and/or downstream of the ASC assembly 24) to measure
systems parameters (e.g., temperature, emissions concentra-
tion (e.g., NO,), etc.) and to provide feedback (e.g., via sig-
nals representative of the system parameter) to the oxidant
injection control unit 52. The sensors 38 provide feedback to
the oxidant injection control unit 52 to enable control of the
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amount of oxidant provided to the fluid 30, 36 prior to enter-
ing the inlet 38 of the ASC assembly 24 to control the reaction
in the ASC assembly. As depicted, the oxidant injection con-
trol unit 52 may be coupled to the engine control unit 14. In
certain embodiments, the oxidant injection control unit 52
and the engine control unit 14 may form a single control unait.

FIG. 2 1s a schematic diagram of another embodiment of
the aftertreatment (e.g., exhaust treatment) system 10 coupled
to the engine 12 having the silencer 13. The engine 12 and the
altertreatment are generally as described 1n FIG. 1 except the
injection of the oxidant 1s into the silencer 13 instead of the
fluid conduit 44. For example, the fluid 30 (e.g., treated
exhaust) may flow 1nto silencer 13 via the inlet 32, while the
oxidant may be separately injected into the inlet 32 or another
inlet 60 of the silencer 13. Since the oxidant 1s 1njected
directly into the silencer 13, the silencer 13 1s entirely respon-
sible for the mixing the fluid 30 and the oxidant.

FIG. 3 1s a schematic diagram of the fluid conduit 44 (e.g.,
having a single condut) coupled to the silencer 13. As
depicted in FI1G. 3, the fluid conduit 44 has a single conduit 62
for both the flud 30 (e.g., treated exhaust from the TWC
assembly 22) and injected oxidant 64. Oxidant is injected into
the fluid conduit 44 (e.g., conduit 62) at the point 531 upstream
of the silencer 13. The oxidant 64 and the flud 30 flow into
silencer 13 via inlet 32. The silencer 13 (e.g., due to turbu-
lence within the silencer 13) 1s responsible for a substantial
portion of the mixing (e.g., between approximately 80 to 100
percent) between the oxidant 64 and the fluid 30 as indicated
by reference numeral 66 to generate the mixed fluid 36. In
certain embodiments, baffles within the silencer 13 may
actively help with the mixing of the oxidant 64 and the fluid
30. Due to the injection of the oxidant 64, some mixing may
occur between the oxidant 64 and the fluid 30 prior to reach-
ing the silencer 13. For example, approximately O to less than
20 percent of the mixing of the oxidant 64 and the fluid 30
may occur in conduit 62. The mixed fluid 36 exits the silencer
13 1nto the flud conduit 44 via the outlet 34. No additional
device 1s utilized to mix (e.g., actively mix) the treated
exhaust received from the TWC assembly 22 and the injected
oxidant upstream of the silencer 13.

FIG. 4 1s a schematic diagram of the fluid conduit 44 (e.g.,
having two conduits) coupled to the silencer 13. As depicted
in FIG. 4, the flmid conduit 44 has a conduit 68 for the fluid 30
(e.g., treated exhaust from the TWC assembly 22) and a
conduit 70 for the injected oxidant 64. Although the conduits
68, 70 are depicted side by side, the conduits 68, 70 may be
arranged 1n a concentric arrangement with one of the conduits
disposed within the other conduit. Oxidant 1s injected into the
fluid conduit 44 (e.g., conduit 70) at the point 51 upstream of
the silencer 13. The fluid 30 and the oxidant 64 tlow through
their respective conduits 68, 70 1nto silencer 13 via inlet 32.
Thesilencer 13 (e.g., due to turbulence within the silencer 13)
1s responsible for all of the mixing between the oxidant 64 and
the fluid 30 as indicated by reference numeral 66 to generate
the mixed fluid 36. The mixed fluid 36 exits the silencer 13
into the fluid conduit 44 via the outlet 34. No additional
device 1s utilized to mix (e.g., actively mix) the treated
exhaust recerved from the TWC assembly 22 and the injected
oxidant upstream of the silencer 13.

FIG. 5 1s a schematic diagram of the fluid conduit 44
coupled to the silencer 13. As depicted 1n FIG. 5, the fluid
conduit 44 has a single conduit 72 for the fluid 30 (e.g., treated
exhaust from the TWC assembly 22). The fluid 30 flows
through conduit 72 into silencer 13 via inlet 32. Oxidant 1s
injected directly into the silencer 13 at inlet 32 or another
inlet. The silencer 13 (e.g., due to turbulence within the
silencer 13) 1s responsible for all of the mixing between the
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oxidant 64 and the fluid 30 as indicated by reference numeral
66 to generate the mixed fluid 36. The mixed tluid 36 exits the
silencer 13 into the fluid conduit 44 via the outlet 34. No
additional device 1s utilized to mix (e.g., actively mix) the
treated exhaust received from the TWC assembly 22 and the
injected oxidant upstream of the silencer 13.

Technical effects of the disclosed embodiments include
systems and methods for mixing oxidant 64 (e.g., air, O,
oxygen-enriched air, or oxygen-reduced air) and flud 30
(e.g., engine exhaust or treated engine exhaust) with the
silencer 13 (e.g., muitler). In particular, embodiments of the
present disclosures include an aftertreatment system 10 that
includes the silencer 13 disposed downstream of a catalyst
assembly (e.g., TWC assembly 22) and upstream of the ASC
assembly 24. The silencer 13 1s responsible for all or at least
a substantial portion of the mixing of the fluid 30 and the
oxidant 64 upstream of the ASC assembly 24 via the turbu-
lence within the silencer 13. Disposition of the silencer 13
between the catalyst assembly and the ASC assembly 24
(besides promoting mixing the oxidant 64 and the fluid 30 to
enhance downstream catalytic reactions) reduces the foot-
print of the aftertreatment system 10 (e.g., reduces the space
occupied) and the number of components 1n the aftertreat-
ment system 10 (e.g., obviates need for separate mixing sec-
tion 11 silencer 13 was downstream of the ASC assembly 24).
By reducing the footprint of the aftertreatment system 10, the
engine 12 and the aftertreatment system may be compatible
for uses with a greater number of engine sites.

This written description uses examples to disclose the
invention, mcluding the best mode, and also to enable any
person skilled in the art to practice the mnvention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
1s defined by the claims, and may include other examples that
occur to those skilled 1n the art. Such other examples are
intended to be within the scope of the claims 11 they have
structural elements that do not differ from the literal language
of the claims, or 1f they 1include equivalent structural elements
with insubstantial differences from the literal languages of
the claims.

The mvention claimed 1s:

1. A system, comprising;

an exhaust aftertreatment system configured to treat emis-
sions from a combustion engine, wherein the exhaust
altertreatment system comprises:

a first catalyst assembly having an outlet;

an ammomia slip catalyst (ASC) assembly configured to
recerve a tluid from the first catalyst assembly and to
convert ammonia (NH;) within the fluid into mitrogen
(N,), wherein the ASC assembly has an 1nlet;

a fluid conduit disposed between the first catalyst assem-
bly and the ASC assembly and configured to transfer
the fluid from the first catalyst assembly to the ASC
assembly;

an oxidant injection system configured to provide an
oxidant for mixing with the fluid to provide sufficient
oxygen 1n the fluid flowing mto the nlet of the ASC
assembly to enable the catalytic activity in the ASC
assembly that converts NH; into N, ; and

a silencer disposed along the fluid conduit between the
outlet of the first catalyst assembly and the 1nlet of the
ASC assembly, wherein the silencer 1s configured to
recerve and to mix both the fluid and the oxidant.

2. The system of claim 1, wherein only the silencer 1s
configured to mix the fluid and the oxidant 1n the exhaust
altertreatment system.
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3. The system of claim 1, wherein the silencer 1s configured
to mix a substantial portion of the fluid and the oxidant.

4. The system of claim 1, wherein the fluid comprises
treated exhaust gases of the combustion engine.

5. The system of claim 1, wherein the first catalyst assem-
bly comprises a three-way catalyst assembly.

6. The system of claim 1, comprising the combustion
engine coupled to the exhaust aftertreatment system.

7. The system of claim 1, wherein the oxidant injection
system 1s coupled to the fluid conduit and configured to 1mject
the oxidant into the fluid conduit upstream of the silencer.

8. The system of claim 7, wherein the fluid conduit com-
prises a first conduit configured to flow the fluid and a second
conduit configured to flow the oxidant, and the first and sec-
ond conduits are coupled to a silencer inlet of the silencer.

9. The system of claim 7, wherein the fluid conduit com-
prises a single conduit configured to flow the fluid and the
oxidant at and downstream of a point of injection of the
oxidant along the fluid conduit, and the single conduit 1s
coupled to a silencer inlet of the silencer.

10. The system of claim 1, wherein the oxidant injection
system 1s coupled to the silencer and 1s configured to inject the
oxidant 1nto the silencer.

11. A system, comprising:

an exhaust aftertreatment system configured to treat emis-

sions from a combustion engine, wherein the exhaust

altertreatment system comprises:

a first catalyst assembly having an outlet;

an ammonia slip catalyst (ASC) assembly configured to
receive a tluid from the first catalyst assembly and to
convert ammonia (NH, ) within the fluid into nitrogen
(N,), wherein the ASC assembly has an inlet; and

a silencer disposed between the outlet of the first catalyst
assembly and the inlet of the ASC assembly, wherein
the silencer 1s configured to receive the fluid and an
oxidant for mixing with the fluid to provide suilicient
oxygen in the fluid flowing into the nlet of the ASC
assembly to enable the catalytic activity in the ASC
assembly that converts NH; into N, and the silencer
1s configured to mix the fluid and the oxidant.

12. The system of claim 11, wherein only the silencer 1s
configured to mix the fluid and the oxidant in the exhaust
altertreatment system.

13. The system of claim 11, wherein the fluid comprises
treated exhaust gases of the combustion engine.

14. The system of claim 11, wherein the first catalyst
assembly comprises a three-way catalyst.

15. The system of claim 11, comprising the combustion
engine coupled to the exhaust aftertreatment system.

16. The system of claim 11, comprising a fluid conduit
disposed between the first catalyst assembly and the ASC
assembly and configured to transtfer the fluid from the first
catalyst assembly to the ASC assembly, wherein the silencer
1s disposed along the fluid conduit between the outlet of the
first catalyst assembly and the inlet of the ASC assembly.

17. The system of claim 16, wherein the conduit 1s config-
ured to recerve the oxidant at a point downstream of the first
catalyst assembly and upstream of the silencer.

18. A method for promoting catalytic activity within an
ammonia slip catalyst (ASC) assembly 1n an exhaust after-
treatment system to treat emissions from a combustion
engine, comprising:

flowing fluid from an outlet of a first catalyst assembly to

an 1nlet of the ASC assembly;

injecting an oxidant into the fluid to provide suificient

oxygen 1n the fluid flowing into the inlet of the ASC
assembly; and
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mixing the fluud and oxidant within a silencer disposed
between the first catalyst assembly and the ASC assem-
bly.
19. The method of claim 18, comprising injecting the oxi-
dant downstream of the first catalyst assembly and upstream 5

of the silencer.
20. The method of claim 18, comprising injecting the oxi-

dant within the silencer.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 9,347,358 Bl Page 1 of 1
APPLICATION NO. . 14/5547706

DATED . May 24, 2016

INVENTOR(S) . Spaulding et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification

Column 3, Line 3, delete “NOy,” and 1nsert -- NOx, --, therefor.

Signed and Sealed this
Seventeenth Day of January, 2017

e cbatle X Zea

Michelle K. Lee
Director of the United States Patent and Trademark Office
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